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SEMI-DIURNAL  EARTH  TIDAL  COMPONENTS 
FOR  VARIOUS  EARTH  MODQ^** 

ABSTRACT 

Hus  stuuy  of  the  elastic  deformation  of  the  earth  due  to  tidal-generating 
p^eotials  attonpts  to  evaluate  the  possible  cause  for  the  disatpancy  between 
die  accumulated  <j>servational  data  of  earth  tides  for  the  prindpa!  -semi-diurnal 
idal  coo^tuent,  Mj,  and  the  dieoretical  values.  Hie  characteristic  numbers, 
bf  k,  and  I  of  the  eudi  are  calculated  for  eardi  models  consisting  of  velodties 
due  to  Jeffreys  or  Gutenberg  with  Bullen  A  or  Bullen  B  doisity  listribution. 
Hie  OHnimtations  were  made  using  a  modification  of  an  earlier  program  for 
an  IBM  7090  written  for  oilculating  the  free  periods  of  the  earth. 

The  diaracteristic  numbers  of  the  Mrth  are  nearly  independent  :  (1)  of 
the  presoice  of  the  solid  inner  core  for  a  wide  range  of  the  possible  values  of 
the  cwter  core  rigidity;  (2)  of  either  the  Jeffry  or  the  C^enberg  velodty 
models,  i.e.,  of  the  presence  or  absence  of  a  low  velodty  channel  in  the  upper 
mantle.  A  comparison  of  the  theoretical  gravimetric  factors  G  calculated  for 
a  omtioeotal  and  an  oc^nic  eardt  model  with  the  observed  gravimetric  factors 
of  die  semi-diurnal  ddal  consdtuent,  Mj,  chained  prindpally  during  the  Inter¬ 
national  GeophysioJ  Year  indicates  that  the  differenew  in  die  crfiserved  values 
of  G  appear  to  be  primarily  due  to  the  effects  of  the  ocean  and  only  second¬ 
arily  to  difference  in  the  variation  of  the  crustal  structures. 

RESUME 

Cette  etude  de  la  defenmation  statique  dc  la  terre  due  a  dej  potentiels 
g^n^ateurs  dc  marces  tente  d'^valuer  la  cause  possible  du  disaccord  entre  les 
<d»ervatioo$  acxumul4es  de  marto  terrestres  pour  la  composante  prindpale 
soni-diume,  Mj,  et  1«  valeurs  thtorique.  Les  ncunbres  caracteristiques,  h,  k, 

(*)  Lamont  Geoiogiral  Observatory  -  Gj'umbia  University,  Palisades,  New  York. 
CoBtrii^on  N*  744. 

(••)  This  is  condensed  from  the  paper  eotided  «The  Characteristic  Numbers  of 
Semi-Diurnal  Earth  Tidal  Components  for  Various  Earth  Models »,  which  will  be 
published  by  Aooales  de  G^ephysique. 
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ct  /  de  b  t«re  sont  csdcules  p<»it  des  moddes  terresttes  faits  de  vitcsses  du« 
a  Jeffreys  ou  Gutoiberg  awe  une  densite  dc  distrilsrtion  Builen  A  oa  Sullen  S. 
Les  Oiiculs  ont  ^  faits  en  empioyant  une  nradification  d’un  programme  pr^c^ 
dent  pour  une  IBM  7090  ferit  pour  calculer  les  periodes  libres  de  la  terre. 

Les  nombres  caract^ristiques  de  la  terre  soni:  pr^ue  ind^pendmits  :  1)  de 
la  presence  d’vm  noyau  intmeur  solide  pour  une  grande  fcheUe  de  valeurs  p<M- 
sibles  de  la  rigidite  du  nc^u  eat^rieur;  2)  des  modeles  de  vitesse  de  Jeffreys 
ou  de  Gutenberg,  e'est-i-dire,  de  la  presence  ou  de  I’absence  d’un  canal  I  faible 
vitesse  dans  le  mant^u  sup«ieur.  Une  compataison  des  facteurs  gravimetri* 
ques  thtoriques  G  calcules  pour  un  tmxl^le  terrestre  continental  et  peur  un 
mod^e  terrestre  oceanique  avec  les  facteurs  gravimetriques  ol»ervfe  d’une 
OHnposante  de  mar^  seni-diume  obtenue  prindpalement  durant  I'Annie  Gd>- 
physique  Internationale  indique  que  la  difference  dans  les  valeurs  rdssetvees 
de  G  semble  ^tre  due  premierement  aux  effets  de  I’ocean  et  deuxiemement 
k  des  differences  dans  la  variation  de  la  structure  de  la  croOte  terrestre.  La 
presence  du  nc^au  interieur  solide  n’a  pratiquement  d’influence. 

INTEODUenON 

One  of  the  major  pn^lcnas  arising  in  the  study  of  earth  tides  is  the  dis- 
cf^jancy  between  the  obs«ved  values  of  the  diaractcristic  numbers  of  the  earth, 
viz,  the  Love  numbers  b  and  k,  ..  -d  Schida’s  number  I,  as  obtained  from  the 
accumulated  data  (Melchior,  {7}  ;  Tomaschek,  [18]  and  the  theoretical  values 
first  calculated  by  Takeuchi  [15]).  The  average  d»etved  values  are  approxi¬ 
mately  0.48.  0.29,  and  0.05  for  b,  k,  and  /,  resp«tively,  ’wdxile  the  theoretical 
values  for  the  ^atic  case  are  0.60,  0.28,  and  0.08.  The  theoretical  values  were 
c^>tained  for  a  model  «rth  with  negliglible  rigidity  in  die  core  at  an  infinite 
period.  By  inemsing  the  core  rigidity  in  the  nmdel,  the  dreoretical  values 
for  h  and  k  may  be  brought  into  agreement  with  the  ot»ervatiooal  data,  hit 
the  value  of  the  core  rigidity  required,  5  X  10”  cgi  units  or  greater  rorres- 
pemding  to  a  wave  velocity  of  5.7  km/sec  or  greater,  is  too  high  on  die 
basis  of  the  present  seismic  evidence  (Press  [14]).  For  all  of  the  models  con¬ 
sidered,  the  value  of  /  (^^ned  was  mmh  great  than  the  observed  values. 

As  the  majority  of  the  existing  earth  tidal  data  have  been  (rf>tained  by 
stations  located  near  to  large  bodies  of  water,  it  should  be  noted  diat  some 
of  the  more  recent  measurements  of  tidal  gravity  of  the  semi-diurnal  tide 
constituent  drained  at  inland  stations  agree  quite  well  with  the  theoretical 
values  (Pariisky  [12]). 
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TIjc  present  study  nf  elastic  deformation  of  the  «rth  due  to  tidal  gen«a- 
ting  potentials  attempts  to  evaluate  the  possible  ouses  fot  the  ^11 
discrepancy  betweoi  the  observed  data  and  theoretical  values  for  semi-diumat 
tides.  The  possibilities  cffiisidered  are  :  (1)  the  presence  of  a  solid  inner  a»re; 
(2)  difference  in  the  structure  of  the  crust  and  upper  mantle;  (J)  dw  prtoi' 
mity  of  stations  to  large  bodie  of  water.  It  is  found  that  the  last  of  the  three 
possibilitie  has  the  greatest  effect,  and  that  the  presence  of  a  solid  irmer  core 
has  very  little  rffect. 

METHOD  OF  COMPUTING  CHARACTERISTIC  NUMBERS 

TTie  computer  program  used  here  to  compute  the  values  of  the  characte- 
rist'C  numbers  of  the  earth,  S,  k,  and  /,  is  a  modificatkm  of  an  earlier  program 
(Alsop,  {I,  2})  written  for  calculating  the  free  periods  of  (»dllati<Ht  of  the 
eardi. 

For  the  present  problem  of  the  forced  vibration  of  a  sphere  by  an  external 
potential  of  order  n,  the  derivation  of  the  appropriate  boundary  conditions 
at  the  surface,  by  matching  internal  and  external  potentials  and  their  derivatives, 
e  given  Takeuchi,  Saito,  and  Kd>yashi  {17]. 

If  the  external  potential  is  chMen,  the  expressions  for  dw  duracteru^ 
numbers  h,  k  and  /  may  be  (^Hained. 

In  this  paper  tmly  external  forcing  potentials  with  a  period  of  12  hours 
and  of  order  2,  a>rre$poodiog  to  the  semi-diurnal  tide-prodadng  pt^oitials  of 
the  moon  and  the  sun  acting  on  the  earth,  and  applicable  to  all  semi-diurnal 
tidal  oemstituents,  will  be  ccHisidered.  Neither  the  inner  nor  the  outer  core  of 
the  ^arth  is  ever  assumed  to  be  a  perfect  liejuid  for  these  odculaticms;  diey 
always  have  some  rigidity  which  may  be  very  small,  so  that  the  complicatimu 
introduced  into  the  prd)lan  by  a  solid-liquid  boundary  at  the  coremantle  inter¬ 
face  are  eliminated. 

EFFECT  OF  THE  RIGIDITY’  OF  THE  OUTER  AND  INNER  CORE 
ON  THE  CHARACTERISTIC  NUMBERS 

Figure  1  shows  the  values  of  h,  k  and  /  for  four  eatdi  nKxlels  as  a  functico 
of  the  rigidity  of  the  core.  These  models  use  dther  Bulkn’s  model  A  or  B  for 
the  density  distribution  within  the  earth.  The  actual  values  used  were  teken 
from  Alterman,  Jarosch,  and  Pekeris  [3].  The  model  here  called  Bullen  A 
corresponds  to  what  Bullen  [4]  calls  Hyptrthesis  (i) ;  the  actual  model  Bullen  A 
is  defined  1^  Bullen  as  lying  midway  between  his  Hypothesis  (i)  and  (ii),  arui 
therefore  has  higher  densities  within  the  core  than  the  model  used  for  these 
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cftkukdMis.  Two  of  die  models  use  compressiooal  velodtiet  dumighout  die 
etrth  and  sbea;  velocities  within  tin:  mantle  as  given  by  Jeffreys  {6}.  The  other 
two  models  use  stmilsr  vdocides  as  given  by  Gutesherg.  Bodi  of  these  velodty 
models  are  t^sl^ed  m  Altennan,  Jsf(»ch,  and  Pekeris  [3].  Th»  n^'dity  of  the 
entire  core  i$  as«iffi^  to  be  onifonn  for  these  rsl^oiatkms  and  is  varied  betweoi 
almost  zero  and  10”  (gs  uni^. 


Outer  core  ^  x  k>"  c  q  * 


Fig.  1.  —  Valtts  h,  k,  and  /  u  a  fuoction  of  the  li^dity  oi  the  earth's  core  for 
several  earth  models.  points  desi^iated  Takeochi  are  from  Takeuchi  [16}. 


The  velocity  model  used  has  very  little  effect  on  the  values  of  h,  k  and 
/.  The  values  for  die  nine  density  nmdel  but  different  velocity  models  almtHt 
coincide,  and  cannot  be  drawn  se]»rateiy  in  the  figure.  For  this  reason  die 


curves  are  identified  only  the  s{^r<^mte  density  modei.  As  a  s^nparism 
the  values  previously  drained  Takeudii  [15]  are  indicated  on  Figure  1. 
The  apparoit  discrepancy  n»y  be  explaimd  :  (1)  Takeuchi's  cakuiattom 
svere  made  fnr  a  density  model  which  is  sU^tly  different  from  eidter  of  the 
two  models  use  *  here;  (2)  Takeuchi's  aJculatkms  w«e  made  for  an  infinite 
period. 

To  determine  the  effect  of  a  solid  inner  core  the  cham  li^k  num¬ 
bers,  okuIatkMis  were  made  for  the  sanK  fmtr  models  aitsuming  m  overall 
rigidity  for  die  inner  oire  4  X  ICF*  uoi&  The  voIutm  average  rigidity 
of  the  total  core  was  allowed  to  vary  between  the  values  of  ^  =  1.86  x  10” 
and  1.00  X  10^  cp  units,  c(»re3por.ding  to  an  ovenll  ^dity  of  the  outer 
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core  of  between  rero  and  (f.93  X  10“  units.  The  results  are  illustratni  in 
Figure  2.  Each  mouel  ts  represented  two  plots  on  Figure  2,  one  a$  a  function 
of  the  overall  core  rigidity  and  the  other  as  a  function  of  the  outer  core  rigidity 
Mily.  The  values  for  the  Bullen  A  model,  withr^  a  solid  inner  core  are  also 
plotted  cm  Figure  2  for  ccunpariscm.  For  rigidities  of  the  outer  core  which  are 
much  less  than  the  assumed  rigidity  of  the  irner  cote,  the  values  of  b  and  k 
are  dretmined  by  the  rigidity  of  the  outer  core  only,  and  are  not  affected  by 
the  rigidity  of  the  inner  a>rc.  As  the  rigidity  of  tfte  otOa  core  beotmes  dose 
to  diat  of  the  inner  core  there  is  a  slight  effect  on  the  values  of  the  Love 
nufldiers.  The  values  cf  the  Aida’s  number  /  are  vetf  nearly  ind^wndent  of 
the  core  rigidity. 

EFFECT  OF  THE  CRUST  AND  OCEANS  ON  THE  LOVE  NUMBERS 

All  of  the  earth  models  considere<*  so  far  have  omtioental  crusts.  In  order 
to  determine  the  effect  of  the  crust  and  of  the  ooan  on  die  value  of  the  cha¬ 
racteristic  numbers  tL :  following  modificaticMis  were  made  to  the  Jeffreys-Bullen 
B  model,  Tlie  upper  fifty  kilcmietcrs  of  the  modsl  were  replaced  with  ten  kilo 
meters  of  a  i»eudo-crust  having  a  comprcssimial  vekxa^  of  4.0  km/sec,  a 
shear  vdodty  of  1.5  km/tec,  and  a  density  of  1.9  gm/cm*  plus  forty,  kilone- 
ters  of  mantle  with  a  compressional  velocity  of  7.8  ki%^scc,  a  shear  velodiy  of 
4.38  kny'sec,  and  a  density  of  3.3-1  gra/cm^  In  this  way  it  was  belied  to  be 
able  to  study  the  effects  of  an  oceanic  crust  without  considering  the  effects 
of  the  ocean  layer  itsdf.  TIi''^  model  is  referred  to  as  Bullen  B  modified. 

The  effect  of  the  oc^n  upcwi  the  observed  earth  tides  is  complicated.  The 
program  ioi  a  liquid  layer  on  t«q>  of  a  solid  ^faerc  oinsidets  only  a  non- 
vtsoKis  ocean,  completely  covering  the  earth,  but  it  may  give  a  first  approxi¬ 
mation  to  the  effec:  of  the  ocean.  For  this  purpose  Ae  tc^  five  kilometers  of 
the  modd  Bullen  B  modified  were  replaced  with  five  kilmneten  of  ocean 
water;  aimpr^oaal  vdodty  1.52  km/sec;  shear  velodty  0.0  km/sec;  density 
1.03  gm/cm*.  This  model  is  referred  to  as  Bullen  B  Oceanic.  Hie  remaining 
pseudo-crust  is  not  a  g<x>d  approximation  ro  an  oceanic  crust,  but  siiKC  its 
effect  in  the  Bullen  B  modified  model  was  small,  it  vm  retained  for  reasons 
of  cunvenience.  The  values  of  the  characteristic  nuixdxrs  odculated  for  this  mo¬ 
del  are  f<K  the  top  of  the  crust,  not  for  the  of  the  ocean. 

Figure  3  compares  the  values  of  b,  i  and  /,  tod  Figure  4  compar^l  the 
gravimetric  factor  G,  and  the  diminishing  factor  D  for  the  Jeffreys-Bullen  B 
model,  the  Bullen  B  modified  model,  an  the  Bullen  B  Oceanic  model  for 
various  i^ues  of  the  rigidity^  of  the  outer  aire  and  assuming  a  solid  inner  core. 
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The  three  values  of  /  are  fWM  shown  in  Figure  5  because  of  uffiiffeient  s^>ara' 
don.  Replacing  a  continental  crust  bf  m  oownic  crust  aises  Ac  rdaes  <tf' 
/&,  I,  and  f  slight^,  but  since  all  are  raised  l:^  app«ainattfy  tte  same  ratio, 
the  factors  G  and  D  do  not  differ  apptecudsly  between  tiic  two  modeb.  Tlw 
effect  of  adding  in  ocean  layer  is  more  rtriKng.  Hw  value  of  ^  is  larger  than 
for  die  model  widi  die  oc«mic  crust,  but  die  vali«-  of  A  is  cb^  le»  even 
than  for  the  nKxiel  with  the  continental  crust.  Therefore,  thoe  is  a  large  effect 
upon  die  values  of  G  and  D.  It  must  be  stressed  that  the  vahies  obtained  for 
the  Builen  B  Ckeank  model,  which  assumes  an  idealized  oc«n,  cki  give  <»ly 
an  apprendmation  to  the  effect  of  the  ocean  on  the  I^ive  numbers. 
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F<g.  4.  —  QHsptrison  of  tiK  vtlnes  cf  the  ^Bvunetrk  f«tOf  (G)  aixi  the  JiminiihiM 
ftctor  (D>  a  a  fttuctioa  of  rigiditjr  of  the  eutfa'i  oidH  ccte  fa  a  cwrttimttal  tnotk^ 
for  a  inofiel  with  an  oceanic  cru^  but  no  oc«n,  and  for  as  oceanic  model. 

COMPARISON  WITH  OBSERVATIONAL  DATA 

The  Love  ouinber  i  am  be  obtained  direcUj  from  dM  rath  of  the 
period  of  the  free  outatioo  of  die  earth  to  that  for  a  ri^d  earth.  Ct»nl»nadtms 
of  the  Love  numbers  i  uod  h  can  be  obtaio«l  fr«n  the  indues  of  t?..;  dimini^ing 
factor.  D  =  1  +  i  —  h,  and  the  gravimetric  factor.  G  =  1  4-  —  512  i, 

T(»nasdidc  [18]  thus  obtains  from  the  polar  movement  a  value  of  it  =  0.28, 
v‘-'ch  agrees  with  the  theoretical  value  of  k  =  0.29,  calculated  1^  Takeu- 
jii  [15]  for  the  Jeffreys-Builen  earth  nxidel.  and  whkh  Tomasdidc  considers 
a  m(»t  rcUable  value.  He  also  ditains  a  value  of  h  —  0,46  from  aonimulatcd 
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obscfvatiofts  of  gravity  and  tilt  mssurements  witli  D  —  0.72  and  G  =  1.20, 
However,  ^e  dose  agreement  of  the  dserved  value  of  k  from  the  fret  nuta¬ 
tion  of  the  earth  with  the  theotttitai  value  for  the  Jr  ftr^s  Builen  earth  model 
IS  stanewhat  misleading,  as  pointed  out  by  Mur-k  and  l^acDonsld  ps}.  The 
Love  number  k  critically  depends  ufxa  the  sur^’ace  density  p,.  For  the  same 
model,  Takeada  [16]  ditains. 

k  =  0.281  for  p,  =  3.0  gm/an* 

and  k  r=  0.256  for  p,  =  2.7  gm/cm*. 

Furthermore,  dynamic  efftsts  of  the  re  and  oemTi-,  and  even,  perha|», 
of  convectitm  oti  earth  tides,  particularly  the  diurnal  tide,  most  be  taken  into 
twjunt..  llierefore  fee  iraJae  of  il  —  0.28  obtained  from  the  polar  movement 
givei  Tomaschek  ttill  seens  tentative.  Melchior  [7],  tm  fee  t^er  hand, 

ccfflsiders  feat  D  =  0.706  ±  0.01  and  G  1.20  ri:  0.02  are  fee  most  proba¬ 

ble  vaiun  for  fee  earth.  The  values  for  fee  Imre  numbers  i  and  b  thus  dedu¬ 
ced  are  0.188  ±  0.06  and  0.482  rh  0.07,  respectively,  and  are  smaller  than  fee 
mtst  pK^bie  theoretically  calculated  values  of  K  ~  0.28  an  1  6  =  0,60.  The 

a«»t  iwent  data  ditaiaed,  for  iiutance,  Pariisky  {1}}  cm  the  diminishing 

factor  D,  indicate  more  d«irly  feat  tidal  tilts  are  strongly  influenced  by 
«  shallow,  small  scale  a  hetercr^icties  of  the  earth's  surface  layers,  'The  dif¬ 
ference  of  the  diminishing  factor  between  the  N-S  and  fee  E-W  ewnponents 
is  more  than  20  per  cent.  Precise  and  svstenatic  evaluation  of  such  effects  on 
earth  tidal  tilts  wcmld  add  greatly  to  fee  understanding  of  earth  tides. 

So  fat,  fee  values  of  L  for  fee  confeination  of  fee  Love  number  k  and 
Shida’s  number  /  in  httitude  variation  still  lack  cxmsisteKy.  The  problem  of  de¬ 
termining  a  definite  value  of  L  from  latitude  vanation  analyses  canned  yet 
be  regarded  as  solvej.  The  value  of  Shida’s  number  /  qtKKed  in  the  literature  to 
date  is  prindpally  ^sed  on  strain  chsovatksis  <^>tained  use  of  supeiinvar 
type  octentometen  (Oawa  [10  and  11]).  and  is  fcMind  to  be  about  0.05. 

The  nK»t  rerent  values  of  G  frean  various  tidal  gravity  meaairancnts 
cfetained  prindpally  during  fee  International  Geoffeysical  Year  are  now  availa¬ 
ble,  and  ate  generally  consistent  wife  these  chteined  rariier  as  shown  in  Tshle  1. 
The  significant  fact  is  feat  fee  ^ue  of  G  for  the  semi-diunud  tidal  consti- 
tijcnt  Mj  at  inland  stations  are  definitely  lower,  atoaiKl  fee  value  of  1.14-1.16, 
than  fee  values  of  1.7-1.21  at  stations  close  U>  oceans  t»  to  large  bodies  of 
wstfer.  A  comparison  of  fee  values  of  G  for  fee  ^ni-diumal  tidal  constituent 
Mj  at  various  stations,  as  a  function  of  fee  distanre  from  fee  nearest  ocean  cat 
large  body  of  water,  with  fee  theoretical  values  for  the  tidal  period  of  12  hours 
for  fee  earth  models  of  fee  Jeffreys-Bullea  B  cxeanic  and  continental  structure 


is  shown  in  Figure  5.  Tljese  two  earth  models  assume  (1)  the  range  of  average 
core  rigidity  2.0-5.0  X  10^^  cgs;  (2)  the  inner  core  rigidity  4.0  X  10^*  cgs; 
and  (3)  die  outer  core  rigidity  o.!4-l.l9  X  10“  cgs.  Figure  3  indicates  that 
staticms  far  inland  have  values  of  G  close  to  that  predicted  for  the  continental 
model  of  Jeffreys-Bullen  B,  while  stations  near  large  bodies  of  water  have  va¬ 
lues  of  G  near  to  that  predicted  for  the  oceanic  model  of  Jeffreys-Builen  B. 
It  must  be  ronembered,  however,  that  these  calculations  are  for  a  non-visows 
fluid  completely  covering  the  earth.  Furthermore,  the  relationship  between  die 
values  of  the  characteristic  numbers  d»erved  on  the  floor  of  the  ocean  and 
those  observed  at  a  coastal  station  is  for  frmn  clear.  Therefore,  the  agreement 
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Sir  iON  DtSTANCE  LARGE  SOCY  OF  WATER 

Fig.  5.  —  Observed  values  of  the  gravimetric  factor  (G>  as  a  function  of  the  observing 
statums'  distance  from  large  bodies  of  water 
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between  the  vdue  of  G  for  the  oceanic  model  and  that  ol»erved  by  stations 
near  large  bellies  of  water  may  be  fortuitous,  but  the  result  docs  indicate  that 
differco«s  in  cAaefved  values  of  G  with  respect  to  the  dieoretical  values  are 
primarily  due  to  the  effects  of  the  ocean  and  only  secondarily  to  differences  in 
the  thickness  of  the  crust. 


CONCLUSIONS 

Ute  major  nsults  arising  fr(»n  this  study  are  : 

1.  The  effect  of  a  solid  inner  core  on  the  characteristic  numbers  is  negli- 
glible  for  reasonable  values  of  the  rigidity  of  the  emter  core. 

2.  Tli^  are  sli^t  variations  in  the  Love  nund>ers  for  the  .wo  density 
modeb  used,  and  practically  no  variation  between  velocity  models.  This  indi¬ 
cates  that  die  presence  or  absence  of  a  low  velocity  diannei  in  the  upper  mantle 
has  no  effect  on  die  value  of  die  characteristic  numbers. 

3.  TTie  assumptiai  of  an  ocean  completely  covering  the  earth  results  >n 
theoretlcil  values  for  the  Love  numbers  which  are  closer  to  the  <^»ervcd  values 
dian  for  the  same  model  withtnit  the  ocean.  This  indicates  that  the  presence 
of  large  bodies  of  water  near  the  deserving  station  will  have  an  effect  on  the 
Love  numbers  and  therefore  on  the  gravimrtric  and  diminishing  factors. 
Figure  5  shows  this  relationship  for  the  existing  data. 

4.  The  thideness  of  the  crust  also  has  effect  upon  the  Love  numbers, 
but  it  is  small  com|»red  to  the  effect  of  the  ocean. 

Finally,  two  important  matters  still  remain  to  be  resolved.  Hiey  are  a 
mlculation  of  die  effect  of  the  ocean  upon  the  earth  tides  as  observed  at  a 
a»stal  station  and  die  effect  of  discmitinuities  in  the  local  geological  structure 
upon  the  dscr^  values  of  the  Love  numbers. 
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